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LONG-TERM GOALS 

Advance in the understanding of bed morphology and sediment dynamics under oscillatory flows. 
Expand the present experimental database of sand bed configuration and evolution under controlled 
flow conditions in large scale facilities. Improve currently available tools for the prediction of bed 
configuration. 

OBJECTIVES 

This effort studies the final configuration that a uniform sand bed would take under a regular 
oscillatory water flow. In particular: the identification of dimensionless parameters controlling the 
occurrence of two or three dimensional ripples; the development of orbital, suborbital or anorbital 
ripples; and the occurrence of round crested ripples. Attention is also directed to the hydro- and 
sediment dynamics of the flow over self formed ripple. 
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APPROACH 

The work has three main components:  
(1) Literature review: which was necessary to detect the areas where experimental data was scarce and 
design the experimental program. It should also allow for the comparison of the new experimental 
results with the previously published data from both laboratory and field experiments by other 
researchers. 

(2) Expansion of the measuring capabilities at the existing facilities: new measuring equipment has 
been installed in both the Large Oscillatory Water Sediment Tunnel (LOWST) and the Large Wave 
Current Flume (LWCF). 

(3) Field scale experiments have been performed in both experimental facilities to address the above 
mention objectives. The LOWST dimensions, its 0.8 m width in particular, make it a unique facility for 
the study of three dimensional ripples.  

The research team is composed by Prof. Marcelo H. Garcia as PI and two PhD students, Francisco 
Pedocchi and Blake Landry as Co-PIs. Francisco Pedocchi is in charge of the experiments in the 
LOWST and Blake Landry is in charge of the experiments in the LWCF. Jose Maria Mier, also PhD 
student at the Hydrosystems Laboratory, participated in the experiments in the LOWST and the small 
oscillatory tunnel. 

WORK COMPLETED 

The current status of this effort follows: 
(1) The literature review is now completed. Twenty seven data sources were colleted and converted to 
a uniform format to facilitate its analysis. Apart from the mean flow characteristics and basic 
geometric description of the ripples, information on the planform geometry of the ripples, the crest 
shape and the existence of superimposed bed forms was included. The available ripple predictors and 
our own experimental data are being compared to the compiled dataset. 

(2) LOWST is now fully equipped and the installed equipment includes: (a) A micro-ADV attached to 
an electronic positioning system, which allows for three-dimensional point velocity measurements 
along a vertical. (b) An Ultrasound Velocity Profiler with three transducers. This device allows for two 
dimensional velocity measurements over a vertical. Additionally the UVP has been calibrated to 
perform suspended sediment concentration estimations. (c) A peristaltic pump to extract suspended 
sediment samples at two different depths, for the calibration suspended sediment profiles. (d) A 
pressure transducer connected to two ports at both ends of the tunnel, for global bed friction 
estimation. (e) A custom design sonar system has been installed to perform three dimensional surveys 
of the sand bed. Additional post-processing software to measure suspended sediment and generate 
synthetic stratigraphy is being developed. (f) A camera connected to a computer to record the bed 
evolution is also dedicated to the experiments in the LOWST. 

(3) Experiments are been performed routinely since the beginning of this work. First, exploratory 
experiments were carried to qualitatively explore the behavior of the selected sediment (250 μm sand). 
Later, experiments were performed to evaluate the performance and calibrate the installed measuring 
devices. Finally, a number of experiments to particularly study the bed response under different flow 
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conditions have been performed. These experiments covered a wide range of flow conditions, 
including large near-bed excursions at different maximum orbital velocities. The collected data is 
currently being analyzed and compared with the compiled literature data.  

The new equipment installed in the LWCF and the experiments performed on that facility are reported 
in the companion Mine Burial by Local Scour and Sand Waves report. Part of the work performed in 
this facility can be found in Landry and Garcia (2007). 

RESULTS 

The literature review on ripples gave a reference frame for the experimental program design. The 
preliminary analysis of the collected literature data and some of the performed experiments have 
shown that the parameters controlling the two or three dimensional configuration of the ripples are 
different for orbital and anorbital ripples. The particle size and the wave Reynolds number seem to be 
the controlling parameters in the case of regular orbital ripples. The results are not yet conclusive for 
the case of anorbital ripples. 

The compiled data showed that the existing ripple predictors only provide a partial description of the 
studied phenomena. In particular, for large near-bed excursion it is observed that the near-bed 
excursion is not enough to predict the bed configuration and that another flow parameter is need 
(Figure 1). It also showed that sometimes different bed form sizes may coexist for a given flow 
condition as is the case of long wave ripples and suborbital ripples (Hanes et al. 2001). However, old 
datasets may not have notice this condition and only the smaller superimposed ripples were reported at 
the time. 

The performed experiments have shown that the final bed configuration does not seem to be affected 
by the initial bed configuration as far as the flow is able to mobilize the sediment. However, the 
process by which the bed evolves to a particular final state is clearly dependent on the initial bed 
configuration. The bed evolution was observed to be very slow in some cases, taking several days for 
the bed to reach the final configuration. The evolution process in those slow cases was observed to be 
very rich in transient bedforms. Superposition of small bedforms on top of larger ones has also been 
observed. From our observations we have concluded that in some cases the time available for the bed 
evolution could be a limiting factor for the morphology observed in the field. Further study is needed 
to fully address the bed evolution and the feedback mechanisms that may exist between the 
“instantaneous” water flow and the bed configuration. 

Experiments with large near-bed excursions (2m approx.) have been performed in the LOWST with 
the purpose of observing the bed response under different flow velocities and periods but under the 
same near-bed excursion. They have shown that different ripple sizes are obtained for different 
velocities and periods, emphasizing the importance of a second flow variable in order to predict the 
bed configuration. These results are being compared with the data obtained from the literature that 
show similar behavior (Figure 2). 

Additionally, exploratory experiments in a small oscillatory tunnel have been performed, to look at 
possible sediment density effects. The experiments showed that the sediment density does not play a 
first order role in defining the ripple wavelength under short near-bed excursions. However, the 
sediment density may play a mayor role in defining other ripple characteristics, as the ripple steepness 
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and crest shape. As it was expected, sediment density also controls the occurrence of sheet flow for a 
given water flow condition. 

The in-home designed sonar system for 3D bathymetry survey has been operating for one year now 
(Pedocchi and Gracia 2007). The current line of work focus on developing and improving the 
controlling and post-processing software to expand the sonar capabilities. In particular, allowing for 
the continuous recording of the bed bathymetry and the spatial distribution of the suspended sediment 
over the oscillation cycle (Figure 3). 

The Ultrasound Velocity Profiler has shown to be very useful for the study of flows with high 
suspended sediment concentrations, where optical techniques would fail. Using a three probe 
configuration the mean velocity and Reynolds stresses can be evaluated for the experiments in the 
LOWST. The use of this device has been extended to compute suspended sediment concentrations 
over the oscillation cycle using the acoustic backscatter (Figure 4). Part of this work is currently under 
review (Pedocchi and Garcia, 2007). 

A new semi-empirical expression for the friction factor for oscillatory flows that emphasizes the 
smooth to rough and the laminar to rough transitions has been developed and it is being used in the 
analysis of the ripple data (Pedocchi and Garcia, under review). 

Phase average techniques have been used to study the ADV data. From this preliminary analysis, it is 
clear that farther study is needed in the area of turbulence characterization of oscillatory flows. This is 
additionally being addressed by performing direct numerical simulations of oscillatory boundary layer 
(Figure 5) in collaboration with Mariano I. Cantero, who is currently at the Geology Department of the 
University of Illinois at Urbana-Champaign (Pedocchi et al. 2008).  

IMPACT/APPLICATIONS 

Provide the research community with new experimental ripple data generated under controlled flow 
conditions and long duration experiments. The two or three dimensional ripple bed configuration is 
one of the main limitation of current ripple predictors, and there is no generally accepted predictor for 
the planform geometry of the ripple pattern. Additionally, the prediction capabilities of current 
semiempirical models depend on the distinction between orbital and anorbital ripples. New 
experiments (for example Dumas et al 2005 and O’Donoghue et al 2006) and field data (for example 
Traykovski et al 1999 and Hanes et al 2001) have shown that the data available at the time of 
development these models were incomplete. This is being done under the light of the new experiments 
in the LOWST and the data compiled in the literature review. 

RELATED PROJECTS 

This work is related to the past and present projects associated with the Mine Burial Effort on which 
our group has been participating, under the ONR Grants N00014-01-1-0337, and N00014-01-1-0540. 
Also the new equipment (PIV, LDV) purchased with the ONR Grant N00014-06-1-0661 (DURIP), is 
currently being used in the LOWST. 
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Figure 1: Compiled data from the literature. Relation between the ripple wave length and the near-
bed excursion, discriminated by sediment size (black=coarse, white=fine). 

Figure 2 (a): Large sharp crested orbital ripple. 
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Figure 2 (b): Small 3D ripples. 

Figure 2 (c): Large round crested orbital ripple 

Figure 2: All the ripples shown in the subfigures were generated with near-bed excursions of about 

2 m but with different maximum orbital velocities. The velocity for (a) was 0.25 m/s, for (b) was 0.5 

m/s and for (c) was 1.0 m/s. The displayed bed surveys were obtained with the in-house developed 


sonar system. 
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Figure 3: Synthetic stratification generated from consecutive bed surveys with 
the sonar starting from flat bed. 

Figure 4: Contours of mean velocity (mm/s) and suspended sediment concentration (g/L) profiles 
along the wave cycle, for a 5 second period and 0.3 m/s maximum velocity oscillation, the sediment 

size is 250 μm. The bed was at dynamic equilibrium covered with 3D ripples. 
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Figure 5: Mean streamwise velocity profiles for different oscillation phases. The numbers in the 

legend indicate the values of the phase in deg. Experimental data from Jensen (1989). 
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